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EMPIRICAL EXPRESSIONS FOR CALCULATING HIGH VOLTAGE TRANSMISSION
CORONA PHENOMENA

Vern L. Chartier
Chief High Voltage Phenomena Engineer

Division of Laboratories
Bonneville Power Adminlistration

INTRODQFTION
The Bonneville Power Administration (BPA)
engineers over the past 10 years have been
developing kmpirical expressions for calculating

corona phenomena associated with a-c¢ and d-c high
voltage transmission lines, The majority of these
empirical expressions were developed from data
obtained from BPA operating lines or test lines (The
Dalles DC Test Line, Lyons 1200-kV Test Line) in
conjunction ”with data that was in the technical
literature, jsuch as from the Apple Grove 750-kV
Project and, from Project UHV. Up until 1977, no
single Division within BPA had the primary authority
for developing these empirical expressions;
therefore, such equations were being produced by
System Engineering, Transmission Engineering, and
the Laboraﬁories. However, {in 1977 the Chief
Engineer assigned the responsibility for the
development | and maintenance of the empirical
equations for calculating audible noise (AN), radio
interferencel (RI), television interference (TVI),
corona losses (CL), and ozone (0z) to the Division
of Laboratories,

As a result of this directive from the Chief

Engineer, in 1977 Bob Larson and Vern Chartier
produced a| report that not only described the
recommended ; equations for calculating corona
phenomena for a-¢ 1lines, but also described a

computer program written for the CDC 6600 that could
make calculations for any a-c line. The initial
computer program was limited to a-c¢ lines. In
addition, the line(s) could have no more than six
phases and, four overhead ground wires. That
original computer program and the associated
equations E%re described in BPA Division of
Laboratories' Technical Report Number ERJ-77-167 [1].

Over the past 4 years the Laboratories has
been updating that original computer program (called
COMBINE) so that it could make all the corona
phenomena célculations associated with both a-¢ and
d-¢ lines. |Subroutines for calculating electric and
magnetic fields were also added. The original
program was called COMBINE since it combined all the
individual  corona phenomena programs into one
program and calculated the electric fileld at the
surface of the conductor using a technique developed
by Markt-Mengele [2, 3].

The purpose of this report is to describe the
latest equations that are being used at BPA to make
corona and field effect calculations. At this time,
the program calculates the lateral profiles of AN,
RI, TVI, ielectric field, and magnetic field,
Lateral profile printouts of these sets of phenomena
can be requested individually or collectively. If
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an individual printout is requested for audible
noise and/or TVI, the noise contribution from each
phdse/pole plus the total is printed out. For RI, a
frequency spectrum as a function of lateral distance
is printed out. The individual printout for ozone
glves both a vertical and a horizontal profile of
03 concentration. The individual printouts for
electric and magnetic flelds give the maximum field
and its electrical angle, and the maximum horizontal
and vertical component and their appropriate
electrical angles., A separate printout for corona
loss can be requested which gives the total coroma
losses, the corona loss for each phase/pole as a
function of rain intensity, and the average rain and
average fair weather losses.

The user has the option of inputting values
for conductor surface voltage gradients (previously
calculated from some other source), or he may have
the program compute them wusing the equation
developed by Markt-Mengele [2, 3].

The wuser has the option of inputting and
outputting values In either Metric or English units.

The program can handle a combination of 50
phases or poles and overhead ground wires. At this
time the program cannot make calculations for a
hybrid line (a-c and d-c lines In close proximity).

All the analytical expressions in this program
are state-of-the-art. The Division of Laboratories
makes an attempt to conduct measurement programs on
BPA's existing transmission system and at the Lyons
1200-kV test facility to verify or update the
analytical expressions. The Laboratories also tries
to keep abreast of the R&D work being conducted all
over the world on corona and field effects. Some of
the data coming from other countries is sometimes
used in conjunction with data from North America to
update exlsting equations.

EFFECT OF ALTITUDE

Altitude has a very definite effect on the
production of corona, as has been shown at the
Leadville High Voltage Project operated by the
Public Service Company of Colorado and Westinghouse
in the 1950's [4, 5]. Obviously, the development of
empirical expressions for the effect of altitude is
difficult, since the only data (n the literature is
either from lines at sea level or the test line at
Leadville (3400 m above sea level). Westinghouse
engineers used the Leadville data to develop a term
for correcting RI calculations made at sea level to



other altitudes [6]. Reference 6 also contains an
Italian formula for the effect of altitude on RI.
These two equations are compared in Figure 1. The
agreement is quite good. The Westinghouse- formula
requires the user to know what the average relative
air density is for each altitude, whereas the
Italian formula only requires a knowledge of the
altitude.
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Figure 1: Effect of Altitude on Corona Phenomena

For calculating corona phenomena, the Italian
correction term for altitude has been applied in the
computer program for not only RI, but also for TVI,
AN, and CL. It obviously has not been verified for
either TVI or AN, and only partially verified for
CL. However, it is better to have a correction term
for all these corona phenomena rather than no term.
After all, if RI and CL, which are the result of
increased corona activity, increase with altitude so
too must AN and TVI.

The use of this term for correcting CL needs
further verification. A careful study of the
Leadville [4] and Tidd [7] papers gives some
indication that it wmight be wvalid for rain.
However, the Leadville weather and the Tidd weather
are very dissimilar. Foul weather at Leadville
consists primarily of dry snow in the winter and
very little rain, whereas foul weather at Tidd
consists of mostly rain and wet snow; even the dry
snow at Tidd is much wetter than Leadville snow.
Heavy snow seems to produce higher corona losses
than heavy rain or wet snow. This data indicates
that dry snow produces a different type of corona
(possibly ultra-corona) which may produce different
levels of AN, RI, and TVI than either rain or wet
SNow.

Therefore, at this time, calculations using
this altitude correction for determining corona loss
should be made with a great deal of caution,
especlally for snowy weather,

AUDIBLE NOISE
The method of calculating A-weighted AN for
a-¢ and d-c¢. lines is based upnon empirical
expressions developed by V. L. Chartier and R. D.
Stearns. Those equations and how they were
developed are thoroughly described 1in an IEEE
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paper [8].

The equation for calculating the AN during
rainy weather for each phase of an a-c¢ line is:

SLA = =170.46 + 120 log E + 55 log deq
- 11.4 log D

where:

E = average maximum surface gradient kVrms/cm

deq = equivalent diameter of the bundle from an
AN standpoint
deq =d for n <3
= (0.58d)n0.48 for n >3
d = subconductor diameter, mm
n = number of subconductors in the bundle
D = radial distance between conductor and
microphone, m
The formula for calculating the Lso
A-weighted AN per positive pole for falr weather

(the negative pole produces negligible AN) is:

SLA = -133.4 + 86 log E + 40 log deq
- 11.4 log D

deq =d for n= 1,2
(0.66d) n0.64 5 = 2

The equations calculate the Lsg rainy
weather AN for a-c 1lines and the Lgy fair weather
AN for d-c lines. The Lgsg fair weather AN for a-c
lines 1is calculated by subtracting 25 dB from the
Lsp rainy weather AN, The Ls AN for rain for
a-c lines is calculated by adding 3.5 dB to the

Lsg rainy weather AN.

For d-c lines, the Lg fair weather AN is
calculated by adding 3.5 dB to the Lsp fair
weather AN, whereas the Lgsgp AN during rainy

weather is calculated by subtracting 6 dB from the

Lsg fair weather AN, Only the positive pole
produces measurable AN for d-c lines; therefore,
-999.9 is printed out for the negative pole.
For the effect of altitude, the previously
discussed term
AN = ALTIT
300
is used. However, its wuse below 300 m is not
recommended since the data used to develop the

empirical formulas was taken at altitudes primarily
between 0 and 300 m. There has been some question
about how to use this term around 300 m. It is
strongly recommended by the Laboratories that until
further data is collected the equations be used just
as they are written, but that 1 dB be added for each
300 m above sea level.

The methods of calculating RI for both a-c and
d-c lines over the frequency range of 100 KHz to 20
MHz has evolved over the last 10 years. There is no
single reference which describes the equations that
are used by BPA. Reference 9 describes the general
a-c equation that is used in the AM broadcast band
and at distances within 60 m of the outside phase of



Table I: Prediction Formulas - DC Lines

- n d - £ . D
BPA Ref. E= Sl + 1.5(g 20.9) + 10 log -’-+ 40 log 357 33 log 8% 40 log 738
Reiner
Gehrig [10]
P - 214 log B - 27 244 4. b s D
BPA E = 214 log 32 - 278 [log(??:ﬂ 0 log - 27 log AT 40 log 55—
Capon El_]
BPA s-l.ag+aoxog§-ao1og.3%_..
Gehrig [12]
D
BPA E=E + 80 log B-+ 10 log B + 40 log 9 + 40 log .2
— . ° &, Ny d D
Perry E,j]
Cerman Eﬁ] E=~E +K(g-g ) +40 log & + 20 1o 1+(°2 + 29.4 1o Do
Leroany a 878, B8 dg 8 —1:;1— . g 5
IREQ EZ] r o ¥ 1-71(e=8,) + 40 log G-+ 30.8 -
Sweden [lﬂ E=E 4+ 10 log n+ 20 log r + 1.5(g~g ) ~ 40 log B.
BRSRes, 4 () o Do
the line. BPA engineers have developed several The values of C; and C; are derived f1
equations for calculating d-c RI as can be seen in the following equations:
Table I, The only difference between all these BPA
d-c equations Is the effect of conductor surface
gradient on RI. C = 10 log (DW2 + ESU2 + EIND2)
AC EQUATION where:
The RI/phase at a horizontal distance of 15 m DW is the direct wave component
from the phase is given by: ESU is the surface wave component
1
RI = 48.0 + 120 log _E__ + 40 log 4 EIND is the induction field component
17.56 35.1
= He = 47.7 H
+ 10 (1-(log (10£))2) +_4 pw LR =
300 2®D fD
= Cl + Cz
wvhere: when: D <« (12) Hc Ha
E = average maximum conductor surface A
gradient, kVrums/ca .
d = conductor diameter, mm , where:
- ., MH
: - i{:;l::::? o ‘ He 1s height of conductors, m

D {s radial distance between conductors
and antenna, m

is frequency, MHz

is wavelength, m

is height of antenna, m

All the constants in this equation came from the
Apple Grove A-line, where excellent long-term RI
data was collected over several years [18]. The
constants C; and Cy adjust the RI calculated at
15 m to other lateral distances from the line. The when b > .};.Z.%ﬂ.
equations for these terms are based upon the work of

Pakala and Chartier [19]. C; {s a constant for

the reference 1line at the particular distance . owe (47.7 He) (12 He Ha)
conductor height, antenna height, and frequency for (f D) A(D)
which the RI 1s being calculated. Therefore, Cj
is based upon the input data. The difference - 1.908 (He? Ha
between C; and C3 {s added to the RI/phase . D
calculations at 15 m. ’

Eb‘m
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ESU = f (p) He
KD
uhe;e:

f (p) 1is Van de Pol's empirical
relationship for the
surface wave

K - 2w

A
f(p) = 2 +0.3p
2+ p +0.6p2
p = _52.5D
[ 30}
5 = ground conductivity, m mho/m

EIND = _Hc
(D)2

The reference parameters for calculatiag Cy

DWy = (47.75) (13.7) . 31.2
£(21.0) f
EIND, = 13.7,= 70,5
(erfnif f
300 E
P = (52.5) (21.0) . 276.1%6
4 (x)2 A2
£(P)y= 2 +0.39

24P; +0.6 07
ESU; = £(p), . 3L.1
f
DC EQUATION
The RI/positive pole at a horizontal distance

of 15 m from the positive pole is given by:

RI = 60.5 + 86 log _E __+ 40 log _d __

27.5 46.2
+ 10(1-(1og(10€)2 ) + _q
300
-C +Cy
This equation calculates the average fair

weather. All the constants in this equation come
from the most recent RI tests at The Dalles d-c test
site [20).

Data from 1IREQ [16] suggests thart for d-c
lines RI during average rain conditions is 3 dB less
than average fair weather levels; whereas heavy rain
RI is 6 dB less.

TELEVISION INTERFERENCE

~ The methed for calculating TVI for a-c lines
during rainy weather 1s based upon an equation
developed by V. L. Chartier. The empirical terms
used for calculating the propagatien of TVI were
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developed from data in References 21 and 22 .
The per phase TVI level in dB uV/m is given by:

TVI = 10.0 + 120 log E/16.3 + 30.0 log (D/30.4)
+ 20 log (75.0/£) + C

where:

E = Conductor surface voltage gradient,
kVrms/cm

D = Diameter of a subconductor im the bundle,
mm

f = Frequency at which TVI is to be calculated

The constants in this equation come from a
345-kV line in New York where excellent TVI during
steady rain was obtained [22]). Measurements of TVI
from BPA lines have agreed quite well with
calculated levels using this equation.

C is the correction factor to calculate the
TVI at the radial distance from each phase.
It can be determined from the Pakala-Chartier
paper. C can also be determined by
considering the four distinct cases shown in
Table 1I.

No significant TVI has ever been measured from
d-c¢ lines during fair or foul weather. As a result,
no attempt has been made to develop equations for
calculating TVI from d-c lines.

CORONA LOSS

There are a number of methods that exist for
calculating corona losses for both a-¢ and d-c
lines. Most of these methods are not very easy to
understand or use; therefore, in the Laboratories we
decided to develop empirical equations similar to
the equations for other corona phenomena [23].

AC LINES

The CL/phase in dB above 1 w/m is calculated
using the following equation:

CL = 14,2 + 65 log _E_+ 40 log_d
18.8 35.1

+K; log M + K2 + g
4 300

where:
n = pumber of subconductors

13 for n <4
= 19 for n >4

Ky =

K7 19 a term that adjusts corona loss for
rain intensity.

10 log __ 1 for I < 3.6

1.676

Kz.

a 3.3+ 3.510g 1 _ for I > 3.6

To calculate the losses in w/m or kW/km, the antilog
of CL must be taken or:



Table II

CASE 1: Do<CH

A<CH
) . A BLB
Both the reference point and the measuring
poiht 1ie on the 20 dB/decade slope of the
curve,

CH

The value of C is therefore determined by:

C dBu¥/m

C = 20 logjg(Do/A) e

RADIAL DISTANCE (METERS)

CASE 2: Do<CH

A>CH 61.8
3
If Do<CH and A >CH, we must move from the CH
reference point down to the measuring point.
Therefore: & 'y

€ = 20.0 logjp(Do/CH) + 40.0 log)o(CH/A) CASE:2

RADIAL DISTANCE (METERS)

CASE 3: Do>CH iy
A< CH CH

]

In this case we must move up from the

reference point to the measuring point.

C dBpw/m
b

C = 20.0 logjo(CH/A) + 40.0 logjg(Do/CH) 2

RADIAL DISTANCE (METERS)

CASE 4: 61>CH CH
A>CH

In this case Dboth points 1lie on the
40 dB/decade
portion of the curve. Therefore:

C dBuv/m

4
C = 40.0 logip(Do/A) CASE

RADIAL DISTANCE (METERS)
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CL (W/m) = antilog CL(dB w/m)
10

The total losses for a line, of course, are:

CL (Total) = CL(i) w/m

To calculate the average levels during rainy
weather, the computer program assumes an average
rain intensity of 1.676 mm/hr (this, of course, will
vary from regifon to reglon). To calculate the
average falr weather losses, the program subtracts
17 dB from the <calculated average rainy weather
losses. This difference of 17 dB was obtained from
the Apple Grove test data [18] where carefully
controlled fair weather measurements were made.

DC LINES

IREQ has conducted the most extensive corona
loss measurements in all kinds of falr, rainy, and
snowy weather. Consequently, until a better
analysis of all the available corona loss data can
be conducted, the Division of Laboratories has
adopted the IREQ corona loss formula [16]. We have
modified that Fformula so it calculates the average
corona loss for each pole in rain, which assumes the
corona losses are the same for the negative and
positive poles of a d-c bipole line.

CL = 16,9 + 0.73 (E - 25) + 20 1log _d &+

40.7
8 log @ + X9 4 q/300 - 3.0
3 .

To obtain average fair weather corona loss, 5
dB is subtracted from the average rainy weather
calculation. At this time, we are assuming that the
change In corona loss on d-c lines as a function of
rain intensity is the same as for a-c lines;

therefore, Ky in the d-c formula is the same as
for the a ¢ fFormula.

0ZONE CONCENTRATION

The method of calculating theoretical
estimates of ozone concentrations 1is based on a
method developed by V. L. Chartier and J. F. Roach
[24].

For the case of a wind normal to the line, the
lateral profile is estimated by (MKS units):

3
— 2
(2-H
c(X,2) = E O {,,_.xp I:__)__]
i=l U0 ,v27 20,2

(z+#8)2
+ exp = za 2
z

Si 1is the source strength of the i-th line

U {s the wind speed

H is the average height of the line above
ground

Where:
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Z is the ozone sensor height

o0z Ls the spreading coefflclent in' the 2
direction

The spreading coefficient is approximated by
(MKS units):

= 0315 [23/U + 4.75(100/H)-25] (X-X;).86

Where Xy is
line

the X coordinate of the 1-th

source.

The source strength Sy for a-c lines is given
by

Sy = 1.260 x 10-7 (P1)(Gy)2

and for d-c lines, it is:

S{ = 1.260 x 10-9 p4
for the negative pole, and:

Sy = 0.380 x 10-9 py

for the positive pole.
DISCUSSLQ_E

Effect of altitude on corona phenomena is based
upon radio nolse and corona loss data obtained
at Leadville, Colorado, in the 1950's.

It s obvious that AN data {s especially needed
at higher altitudes, and it would be desirable
to obtain additional RI and TVI data at higher
altitudes. A test station will be installed on
the Garrison-Hot Springs double-circuit 500-kV
lines at an altitude of about 1800 m, which
will provide some of this additlonal data.

The empirical expressions for calculating
corona losses are primarily developed from rain
data on both a-¢ and d-c¢ lines., There is some
i{ndication that corona losses may be higher
during dry snow conditions than during rcalny
weather. Dry snow being a sharp pointed object
may be going into a form of ultra-coronma which
is known to be very lossy. The Leadville and
other data needs to be examined in detail to
determine 1f an additional correction factor
for dry snow should be developed and added to
existing CL formulas.

Most of the better radic noise formulas give

about the same calculations for RI at the
reference distance of 15 m from the outer
phase. However, the agreement falls apart when

a comparison of caleculated lateral profiles is
made. An example of this disagreement can be
seen in Figure 2 where a comparison is shown
between the calculated RI levels using the BPA
empirical formula, and the General Electric
analytical formula for the 500-kV base case
delta-configurated line shown i{n Figure 5.4.,22
of the "Red Book.” Also shown on this curve is
a calculated 1lateral profile, assuming the
1 MHz field produced by corona would have the
same lateral profile as the 60 Hz fileld. Many
analytical approaches have used this assumption
for making RI calculations.
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The difference between fair weather and foul
weather AN 1s assumed to be 25 dB based upon
data obtained on the Marion-Alvey and
Marion-Lane 500-kV lines. Data from other
lines in and outside of BPA territory indicates

- that this difference is a function of conductor

lline
data is

surface' gradient and possibly other
parameters. Therefore, additional
needed to verify this assumption.

1

The formula for calculating TVI for a-c lines
is quite similar to the RI formula, and like
the RI formula, it assumes the TVI is primarily
generated by conductor corona. Some data from
the Apple Grove 750-kV project and the Lyons

1200-kV, test facility indicate that TVI 1s
independent of conductor configuration. This
data suggests the primary source of the TVI

might be the corona off the Insulators or the
tower hardware where the electric fields are
stronger because of the proximity of the tower.
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1. INTRODUCTION

This computer program computes lateral profiles of audible noise, radio inter-
ferencef(RI), television interference (TVI), and ozone concentration. Lateral
profile printouts of these sets of phenomena can be requested individually

or collectively. If an individual printout is requested, audible noise, RI,
or TVI will be presented on a noise per phase arrangement. A vertical as well
as a horizontal profile of ozone concentration is available upon request.

Subroutines for audible noise, 121,1-3 and T712’4’5 are modified versions of
programs originally developed and coded by V. L. Chartier of BPA. The subroutine
for calculation of ozone production is a modified version of a program written
by DanfBrackeg of BPA based on research by V. L. Chartier and J. F. Roach of
Westinghouse. A subroutine for calculat on of the conductor surface voltage
gradient was based on Mangoldt's equation™’ 'and was coded by R. H. Larson

of BPA. Within the ozone subroutine is an empirical equation for calculating
corona lossea which was taken from a paper by T. Sugimoto of the Shiobara

Test Project” and coded by R. H. Larson.

The user has the option of inputting values'for conductor surface voltage
gradients (previously calculated from some other source)or he may have the
program compute them using the equation developed by Mangoldt.

The user has the option of inputting and outputting values in either Metric
or English units.

The program has a capability of performing calculations on either single or
double circuit transmission line configurations where a maximum of four over-
head ground wires are in existence.

It is possible to process multiple problems sequentially by stacking the data
cards for each study sequentially.

This computer program is the result of combining existing programs for cal-
culating these corona phenomena. All the analytical expressions are state-
of-the-art. The Laboratories has on-going R&D projects for verifying and
improving tke accuracy of these analytigal techniques; therefore, reports will
be issued as new analytical expressions are developed.

2. AUDIBLE NOISE

The method of calculating A-weighted audible noise is based on an eﬁpirical
equation developed by V. L. Chartier of BFPA.

The audible noise per phase is given by:

120.0 10310(13) + 55.0 log.m(Deq) - 11.4 1og10(a) - 170.5

where: E = maximum conductor surface voltage gradient, kVrms/cm
Deq = .589(D) * ¥(*482) £or w54
=D if NK4
N = Number of conductors in the bundle
D = Diameter of a subconductor in the bundle, mm
R = Radial distance from bundle center to calculating point, m
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The total audible noise is the sum of the contribution of each of the three
phases calculated in decibels.

3. RADIO NOISE

The method of calculating RI is ?Eged on an empirical equation developed by
W. E.!'Pakala and V. L. Chartier,

The RI/phase in dB above one pV/m is given by:
for R, < CH:

RI = 48.0 + 3.5 (E-17.5) + 30.0 log,, (p/35.1) + 20.0 log,, (30.7 *Y/Rz)
+ 10.0(1-%)

and for RX>CH:
RI = 48.0 + 3.5 (E=17.5) + 30.0 log,, (D/35.1) + 20,0 1og,, (30.7 *Y/B)
+ 20.0 log,, (cH/R) + 10.0 (1-f)

where:

/27w where “Ais inm

Maximum conductor surface gradient, kVrms/cm

Diameter of subconductor in bundle, mm

Midspan height of bundle, n

(2 /am

Radial distance from transmission line to calculating point, m
'Frequency at which RI is to be calculated, 1Hz

ot W 4O b o
| | | O [

This jequation is wvalid for frequencies between 0.2 and 1.6 Miz.

4. TVI
The method for calculating tﬁlivgsion interference is based on an egquation
developed by V. L. Chartier.“’”’’ The per phase TVI level in dB above ore uV/m
is given by:
VI = 10.0 + 3.5(E-16.3) + 30.0 1og10(D/30.4) + 20 10510(75.0/f) ¥C

where:

¢onductor surface voltage gradient, kVrms/cm
Diameter of a subconductor in the bundle, mm

E
D
f = Frequency at which TVI is to be calculated

wu

There are four distinet cases which need to be considered to determine the value
of Ci: '

1. 61.0 & cH 3. 61.0> CH
A & CH A CH

2. 61.0 & CH = 4. 610> CH
A > CH A > CH o



HHd=( (=10 (
Page 3 of 34
where:
A is the radial distance from the conductor to the measuring point.

61.0 is the reference radial distance for which the empirical formula was
developed. ' ’ :

CH is the "changeover" distance given by for formula: CH = A
7\ = Wavelength
f = TVI measuring frequency
HA = Antenna height
HC = Conductor height
CASE 1: 61.0 L CH A 61.0

AL CH

Both the reference point and the measuring
point' lie on the 20 dB/decade slope of the
curve.

The value of C is therefore determined by: CASE 1

C dBuV/m

Cc =20 logTo(Gl.O/A)

Radial Distance (meters)

61.0
CASE 2: 61.0< CH CH
A P CH
If 61.0< CH and A > CH, we must move from A
the reference point down to the measuring N
point, therefore: - %
C = 20.0 log,,(61.0/CH) + 40.0 log,(CH/A) o | CE 2

Redial Distance (meters)

A

CASE 3:  61.0 > CH
Ag cd

In this case we must move up from the
reference point to the measuring point.

C dBuV/m

C = 20.0 1og10(CH/A) + 40.0 log,,(61.0/CH)

Radial Distance (meters)
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CASE 4: 61> CH A
A> CH

In this case both points lie on the 40 dB/decade
portion of the curve, therefore: ’

C dBuV/m

C = 40.0 log,,(61.0/4) Casg. 4

Radial Distance (meters)

5. OZONE CONCENTRATION

The method of calculating theoretical estimates of ozone concegtrations is
based on a method developed by V. L. Chartier and J. F. Roach.

For the case of a wind normal to the line, the lateral profile is estimated
by (MKS units)

e o= [ -n)?] | (zm)?
C(X,Z) = §1 m— exp 2622 + exp 25;2

where S, is the source strength of the i-th line, U is the wind speed, H is
the aveTrage height of the line above ground, Z is the ozone sensor height,
and f&= is the spreading coefficient in the Z direction.

Q 7] /v
The spreading coefficient is approximated by (MKS units): ‘

r 0= 11
Gz = .0315 [23/13 + 4.75(100/H)* %2 ] : (X-Xi)'86

where Xi is the X coordinate of the i~th line source.

The source strength S, is given by:

i
_ L7 2
s, = 1.260 x 10 (Pi)(Gi)

where P., the corona loss per line source, is given by an empirical equation
developed by Sugimoto of the Shiobara test station.
.o Py 22T
Pi = 123.0 e-0.22E 3

1.0 _kw/km



where:
r = Radius of the subeonductor
N = Number of conductors -
E = Maximum potential gradient at the conductor surface (kV/cm)
R = Precipitation rate (mm/hr)
G,y the magimum surface gradient factor per phase, is given by:
i
% * W(zms

6. CALCULATION OF CONDUCTOR SURFACE GRADIENT

The formula for caléulating the gradient per phase was developed by Mangoldt.

K

Q 1% @ kVrms/cm
Nr

E = (18.0 x 106)

vhere: X, = 2(¥-1)sin 1T
N

Subconductor spacing

Radius of a subconductor

Number of subconductors in bundle
Total Charge on the bundle

O=H 0
W nn

7. INPUT SPECIFICATIONS

CARDS 1, 2

BCD heading cards used for study identification
72 columns of each are used
Note that the first column is not used

Columns Field Contents

2=T73 Any BCD alphanumeric heading for study
identification

CARD

Contains option flags and other miscellaneous input data

Columns Field Contents

8 Units option flag
lfetric units = O or blank
English units = 1

ERJ-TT=16T
Page 5 of 34

Format

1246

Format

Il

7
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CARD 3 con't
Columns ; Field Contents Format
16 Gradient option flag ' _ 11
1l = gradient to be inputted
0 = gradient will be computed by the program
24 Number of phases (3 or 6) b5
31-32 Total number of conductors (number of 12
phases + number of earth wires)
33-40 Line-line voltage in kV/rms 8.0
41-48 Wind velocity in m/s or mi/hr. This is r8.0
: used in calculating spreading coefficients
in the ozone subroutine
49-56 Rain rate in mm/hr or in/hr (this is used F8.0
in computing corona losses in the ozone sub-
routine)
CARD 4

Contains flags specifying which type of interference is to be computed:
AN, RI, TVI, ozone, or a combination thereof.

Columns Field Contents ' Forzat
1-4 If the combined printout of all four types A4

of interference is desired, type in the word
"COMB" in this field.

7-8 For specifying individual printouts. 42
11-12 In any of these fields type in the correspond- A2
15-16 ing two character name of the type of indi- A2
19-20 visual printout desired A2

AN = audible noise

RI = radio noise

TV = television interference

0Z = ozone concentrations

Any or all of these names may be used in any order
CARD 5
. Antenna (or sensor) heights and standard frequency specification card

Columns Field Contents Format

1-8: . Vertical height of audible noise microphone . F8.0
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CARD 5 con't
Columns . - Pield Contents Format
9-16 Vertical height of RI antemna _ 8.0
17-24 Vertical height of TVI antenna F8.0
25-32 Vertical height of ozone sensor 78.0
33-40 Frequency at which RI values are to F8.0
be calculated. (BPA uses .834 Miz, IEEE
uses 1.0 MHz)
41-48 Frequency at which TVI values are to be F8.0

calculated. (usually around 75 MHz)

CARDS 6 to (number of conductors +5)

Phase information cards. There must be one for each phase (and one
for each earth wire if gradients are to be calculated).

Columns Field Cortents Format

1-8 An eight character alphanumeric identifi- A8
cation name for each conductor group

9-16 Horizontal distance of conductor bundle 8.0
center from reference axis (meters or feet)

17-24 Bundle center midspan height (meters or feet) 78.0

25=32 Number of subconductors in the group or 8.0
bundle

33-40 Subconductor diameter (m or in) 78.0

41-48 Bundle subconductor spacing (em or in) F8.0

49-56 Line to reutral voltage kV(rms) for the. Fa.0
bundle

57-64 Electrical phase angle in degrees of the 8.0

conductor voltage with respect to any
arbitrary synchronous reference

65-72 The value of the conductor gradient is r8.0
entered in this field (only if col. 16 on
CARD 3 is a 1, i.e., the user would rather
input his own value for the gradient)
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Lateral Profile Distance CARDS

After the phase information cards come the cards specifying the lateral
distances from the reference axis at which points the calculations are
to be made. Several of these cards can be used as desired if varying
distance increments are preferred over different distance ranges (a
maximum of 50 points can be used)

Columns Field Contents Format

7-8 The number of points corresponding to the I2
starting distance and the distance incre-
ment designated respectively by the next
two data fields

9-16 Location of the horizontal starting point F8.0
for a set of calculating points

17-24 The distance increment for a set of calculating F8.0
points

Blank CARD

Each case study should be followed by a blank card.
8. DATA ORDER
The order of the data cards is the same as they are listed in the input speci-
fications section with heading cards coming first and distance card(s) last
followed by a blank card.

A blank card indicates the end of a study. If there is another sequential
study to follow, its heading cards will immediately follow the blank card.

When there are no more studies to be processed, a card with an asterisk(*)
punched in column 1 should follow the blank card of the last data set.

An example of a listing of input data for tﬁo studies run consecutively is
shown in Table I.
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9. DATA OUTPUT

An example of the data output for Case 1 shown in Table I is shown in the
following pages.



AUCIBLE NOISE CALCULATICNS EQUIVALENT DIAMETER FORWULA

OFECON CITY = KSELZR 3-3.2383 CM.AAAC
IGeZ1 M PHASE,SPACING,|5.24 4 CONO HT

_ DIST. FROM - . MAXIMUM
FENTES. OF TOWER HEIGHTY . GRADIENT
__UMETERS) _ __(METERS) _ (KV/GH)

=13e20. . 15426 _1E.45
030 15.24_ _ 17.85
1.2 15424 1B.b5

PHASE A
 OHASE 3
PHASE C

T MICROPHONE HT.= 1.5 4ETERS

U DIST FROM  TOTALS (FAIN) PHASE A
CENTERLINE 5 . _Ls5¢ . LS@
_(METERS) (03X . (DEA) . (D8R

L el S%.2 BleT. . w3k
563 5340 5C0e5_ | 42.5
U9 $53.5 35341 418

1546 2.3  %9.3 . 43.8

2€ 2 52,0 47,5 40,1
2540 . 31e2 . ATe7 . 3%en

3G.0 . 5345 8749 - 38.9

4240 43.2 4547 37.8

45.8 83,8 45l 375

50«2 5341 &bkes  37.0

5544 47.7 G4 a2 3646

60«3 - 4743 43.3 3643
_E5.3  48.9 L h3eb . 35.58

7549 C 43.5 43.2 - 35.86

75.1 3.2 42.7  35.3

80,3  %3.3  642.+ 331

951? : hﬁ.é ) “2-' 3‘016

3043 45,3  41.8 3.6

95,8 4543 4145 34,3

SU3cOoN,
DIA4.
(84)

32.89
330.39
3%.89

PHASE 2
LS§G

.. (D84

48.7
48 .9
47 .5
%€.3
bt .3
L5.1
La ol
43.7
3.1
425
“2.1
Gl.7
Ll.3
£7.9
L2 .5
45.2
- 39.9
39.3
35.3
39.1

NO. OF
SUBCON.

A

PHASE C
LS3
(024)

L34
e |
INEA
44,2
3.4
2.5
&l.7
4l.9
4.1
29,5
38.9
388
37.9
37 &
3I7.46
3647
3643
26.0
35.7
35.6

Page 1L or >4



RADIN NOISE JALCULATICNS WESTINGHGUSE SIMPLE FOSMULA

OREGCM CITY - KEELER 3-3,.039 CM AAAC
I1Ce21 M'PHASE SPACING,i5¢24 ¥ COND KT

. DIST. FROM MAX [MUN

CENTER OF TCHER HEIGHT GRADIENT

(METZRS) (METERS) {(XV/3'1)

PHASE A =1C.2| 15424 16,45

PHASE 3 0433 15424 1786
PHASE C

1G.21 15.2% 1E.45

SU32CAN,
0Id4.
Ci14)

22.39
. 3C.39
33.19

ANTENNA HT«= .0 YETERSy FREQ.= «335 4HZ

DIST FFOM  HEAVY FAIFR FHASE A

CENTERLINE  RAIN  WEATHEK RI
C(METERS)  (D3)  (DB)  (08)
3.5 83,5 5845 4843
5.0 79,5  55.5 2540
16 77.6 S3.0 2.3
I5.¢ 74,7 50.7 39.3
L23e3 72,3 @843 3648
2540 89.7 - 45,3 3.6
333 B8k.3 42,3 32.6
35.¢ 6346 39.8 3C.7
43S 5145 37.5 2941
45.¢° 59,7 35.7  27.5
Ba.3 0 53,0 O 3u.0 2643
55,0 5645  32.5 26l
63.0 55,7 3l.7 255
85,0 77 35.6 3l.3 2449
7943 Sb.% 30.4 2424
7548 53,9 29.9 2349
8040 53,3 29.3 2344
5.3 52,8 2348 2249
CY 1 52.3 3.3 22.5
95,¢ 51.9 27.9 2241

PHASE 3
RI
(08)

568453
5545

5343

5540
a7l
N
QIId
39,8
37.%
35.7

C3%.C

32.%2

T

31.C
KRR
29.9
29.13
28,8
28.3
27 .9

Page 12 of 34

NQOs OF
SUBCON.

PHASE C

&I
(0|

3843
SCe5
5|0
5Ce7
L8e3
5.3
42.3
2¢,5
27.0
3448
32.7
3.9
29.2
2746
2€.8
2642
2546
25.0
24l
23.9



TVI GALCULATIONS, QP DETECTOR, STODDAKT NM30A

OREGON CITY = K

1d.21

91

CENTER OF ronsé" HEIGHT
T(METERS) .

D
.féhh?éfféf;;""”
PHASE 8 .
PHASE. ©C._
_ANTENNA HT,.=

 DIST FEOM

(METERS)

ca,0 i
85,5 -

EELER  3-3,
ST. FRCY
4=T:?31

-la el

ID 2[

QUASI-PEIK .
s 5

e 1 Y e 5 i

.”23 9.

2546

2440
22.5

gtz
23,0

183

SRS B
ATl
160t

13,27
127 .
h2e2
11.8

Tares T

15.24_
30, . 15424
1524

. TOTALS (RAIN)
_CENTERLINE =

o

089 CM AAAC
M PHASE SFACING,15.2% 4 COND HT

 MAXIMUH,
GRADIENT
(KV/G9)

lb ho
17.86
18«95

i e . . S 0 e L 08 S wa s e

PHASE A
op -
DBUY/ M
22.4
OB T

1%e0
175

L -
15.3
T .

122

C1le%

107
163
.Seb
8.3
Be3
7.3
T3
68
Bal

OIAM.
{(M4)

37.89
30439
30.89

fﬁ}ﬁﬂﬁéféﬁ§:f?§éaléf?é§ata MHZ

PHASE 3
. ae

DUV /4

23.6
2944
27 .4
25.6
24473
22.5
2l.2
23.C
19.3
18.2
171
1S4
I5.8

1542

METER

suasoN,

NO. OF
SU3GCN.

PHASE
GP
DBUV/M

22.%
244
2447
24, |
22.6
2649
191
1746
163
i5.1
ol
13.1
1243
1145
IC.8
164

945

849
843

7.8

G
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1016°
2910°
2010°
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2010°
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ag L4 mw s o1 1 2 .
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10, FORTRAN LISTING

The following pages are the FORTRAN listing for the computer program.



S — . _ i . ... ERJ=TT-167
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_______ SCGEAM COMAINT (INEUTSCUTEUTTAEZS=INEUT JTAFCSE=CUTRUT) o o
c: N LAZEA/NE R, FRECIT, FRENTV, X CL1) X (1350 GRAC(LE) ,LIARCI) JANR LD oo
1  ACOFAINET G SC Byt BTE  TITLE2, 12)55IS(55) yUNITSp oo oo o
2 FAZNUMITIAY

e i SR MENSTON. SEZETMLL). LA.L, CE8)pSAnZal 32)yTVMAX (.50 yRIFALR (38]

e e g HEAINALEC) JARAINLCED) ySUSSECCLI) y M (LL) )P HLID) yOZURE(EG). . ey
2 LE(A) 2 -
INTEGER UNITIS e e e e e e e e s e
19 0C AL 13,2 — S
FEAD(T,72) COLBL(TITLS() oK) oK=10,12) s
e 22 EQRHMAT (AL, | 22F) L
i s B COL 1 o EQLIE2YE0 TO _[SS. - o e e s

; 22 CQNHTIMUE =
e READ(E,1390) WNITS,ICRAC,UPH,NC ) VOLTLL )W IS 4RAIN

: 23 _EQREMAT bl,ll,.._x_,l.l s X ,..._!. 1 e Xy Y2, P ey FRa iy al)e s P
___-_“_-E.;IL_L-.FL*M—.’ ASEECTM(T) 3I=1y=) G A S 1 S0

1 FoEAAT (A% ek (2X4A2)) _ o

SO S Bt — e Lo e Sl e

p.l_F‘-_.;
R CAD(5,35000) VRTAN JVEATEL VEFTT daVERTOZ JF SECRI,FREQT

L I B _
2 SUS20LJUCTGSE SEACTNG IN €M, QOIAM TN Mo TF NET TRIC_UnITS ARE_USZC _ -
e 116 _I= ,Nc e e e =
24 o XLI) o YIT) g ANR(I)LN mu;suss:—&u.l,v_ul ,EHU _______ e
1 _4GEADLI) e e e e e e e e
_____ S(I) = G.° ) o -
112 CanTINUE i e _—
L E31_EZAD(3,25000) MET,  SCLDI S o e s -
L3300 FGA“AT (ESE.0) e I
V32060 FASAAT (AaX,T12,2F8.0) . e e e
L38450 FOLMAT(A3,8FALD) T _
e LFANFT o F06_2) 60 TC 8310 o ) . -~ v
_ v-z = MPIE o e .
e NPTE = NPT & 1PTI . - o . ~
e ._ET_I_ = \VPTI &) e o I
) DG 523 I = NFII, NFTE e e S
e IS =8D - A
S =€ + 0T e I _ L o
250 COLTINUE i R S Sy i
CO_JC_ 504 I i LR
AN : — . _ ) .
_____ CI_IF _(UNITS.EQ. L ) GO T2 T3¢ e e
L3253 COonTINUE e . i i
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e 1 |:_._.( ;“_ £ .tg.,-._.l ; 4.(3 ,(_1 :.2 5 e i R ST T R S P Wi
W—L_ﬁhksa__Lxpi;alén$i+ahL-—nth£L32££rﬁRﬂu-NC )
325 2ONTINUE _
PSSR 1 = 100 3 b G ¢ L’_‘i ; = o R T T
____;ELML_EQJH:\I»LELLL_A&LS.ALM $ME ERTAN)
IE{ SEECTNII)ef062HRI) _CaAll RI(EEAINGRIFATS W VEETEL pARAINL e e s o=
o IF(_SEICTMUT).SCa2MT V) CALL TVI(TVAAX. sl ERTTV ) e '
LEd ‘MMMM;QMLMW
.2 lE CQonT INUE.
IE( (DA4C ,EQa £H3GMS ] GO _TO _s2C
GCe _To 15
ST w— : -
LOCNYERT SNGLISHM T0 MTIRIC —_ - PRy =t

_l

o ThS MERTAN_= NESIAN/LS,. 28 L e

. JE3TEL = VYERTZIT/R.28 e
VERTITY = VERIT /2,26

- IRTOZ = NZRIGZ/3.2EF — . I
WIWD = WIMD®.LLT —— it e
CAIN = RAIN * 26,6 !

LD 2G5 1 = 1, GC ; e

X(I)=X(I) /3,28 -

Y (i)=Y (T) /328 _

e SUBSEC(I)=SUSSPCAIN*2454 . e s

o CIAM{(I)=DIAM(IN®2E.L o —
ToA CONTINUE |
20 718 E=z|,NATF = e e o

S1I IS = DIS(M) /3,25 S —
G0 TG 523 _

r o —————— 11—t —— 1 111 415 o b

203 _NQUw= = L . e T s e e
CALL AN ( SLALS,SLALEC (VERTEAN)
___m_us.,ALL'_.i T ( HRAING3IFAIRGZVSRTRILZARINY
SARL TNIC TVYMAX S VERTTW) R
-LL CZ(AID#ATH, VCLTLL ,0Z0NELZVERTCZ,F) )
SRING 24c0 . A S
2303 FOoaMEAT C(IHD) L - o
FRIMNT 2302
2202 FORMAT( * COMSINED QUTPUT OF AUCISLE NGISS, nRUIC NCISE, TVI*
' *, ;.hD qchi IJG\C':NIFJ;'_ION * / )
DO 28 L=1.2

23 FRINT 20719 (TITLE(L 3 K) 9K=f,12) e s
2331 FORH4AT (1X, | 218) S ——
| ERINT 252G, VOLTLL . i
2625 FORMAT (1HI,F5% KVE ) . o -




W I e ' B _ERJ-T7-167
~ege 13 of 3.
PR -~ R My e Lyt R W T i e 5
? S03 EGENAT ( # *_) s e T ——
e ERINT 132079 s IR : e S i i SRR,
e ERINT LQ2CT = e A R TR R T T

IE(UNITS PR 13 2RINT 102110 5 i

v BEAUBTI TS0 80, L) 5C_TC 282 N e 5 i o o . < s
e RINT_LL20S. pa. o
[” S04 F ;"\v'd,‘._f_[_]__x B CTTRIYFLYE(MTTERST) 22X (KYLLD "‘} . -X‘ (4™) ‘l_: K e s s

1 *[(C4)y - (YY) {CEGE=S3S) (KW N) » / ) L
s I3 FURMAT (J3X,% (FEET) *LX* (FSET) *2X* (KY/JA)23X*(IM)2ISX o
| *(3IN) () (LELCEESTY (Kp/~41) =* ¥ ) a
13028 EORMATLLAX G *¥CIST, FroM2 | IN,*MAXIMUM _ SUSCCON.. - NCo. Cfm-_w SUSCQNL,.__. T
a0 NOLTAGE EHREE COROMA = ) . ERRIR e e o
_‘,_‘l"-L'ﬂ'-" Fiowr™ 1 IJL,"{'.'::MTFQ OF ToWeR HeIToHT ['.F-Za"‘.fiT"'"\_T _JL.L:_.__,__ SU‘“Q‘-'- o
| = SCACTNG L= ANGLE LCSSES S et e s oo s o
,,h_ﬁ.m CLX AE ,-»X,.,F*;_,:;X,Fr_.h,‘-'iaz FQOZl-X,FZ—mmM..HH_“..."
e )y uXgFEa2 p2XpFRa2 41X, F3,2,|X,F8s2)
G )3T T N S R R
—me d2ITE Lyl L.C_LLI_EA.ZLUHLD ;_X.[.LJ_.J_ {(T)yGzAD(I), u.l.&t‘._{.ll aaNK (I) o s
i sSLASEC (T Y (T),PE(T) 2P (1) -
3= _ZONIINUE — R e e e e
o TF(UNITS.EQ. 1) SRINT 1CGOLL,. ..RUA,J:._JRI; v EF:.TTJ[,F!\EQ:' iy F:{ Q'[ \l e
i oHIND
iF Ul ”.‘i;EQ.__.L) 50 T 35 e R o B TR e
SEINT 10C0L,MERTEN,MESTRT,. UEP IVESEQRL,. F_‘\_Q.L V 'H T D e e R e e
__LMMWLML_.&I s F= L.__...'L,___:{.I_“A..,.I o HLaz¥F5.. l...__ :
| X » ._._,.T v ﬁﬁ_..._:’.‘l_i.ll_l"T 2= ‘.FJ._I M yd 144 a8 P e B e e it e R
2. * S] FE=Q=s¥FTa3* HHZ,*3XP IV FREQ=s * F T a s MBZ . e e o
R #N4IND YEL L (CRY=* FH 3% MFSEC* /)
L2181 CORAAT (IR0 *uh MICRCEHCMNE HT.=%FZ,1* FTy RI_AMT e HTe=*F5.1 Sty oo
l_* FT, TV Ah L_bl"' nH Y S S o d BT e e o e et o e
2 % 1 FusQ=*F7  3F MH7Z,*2Y*TY F"’Q" * E7.,3% MpZ,* — . -
o 1* wIND VELL(G3) =_* FEa3* HPH. * /.) e et et oeoeien = v ot o i o e e e
364 FRINT 2425 I o : R RS e R et
ERINT 2096 e SN A
TE LUNLITES oBQe 1) BRINT 20 s A L N e N E R T R o s <+ seamibes s et = i Shmin = i o™
e IF(URITS EQa 1) _2PRINT 2039 emmtepr e e A e o W T
" TE(UNITS.EQa 1) GO T9O 2325 s e
e PRART. 3827 o RAIN, VERTOQZ S e et e e et v
e SBINT 2628 e R G
—2n2% FOs~ET (> LETEFAL OICT QLU.QIBLLLCIS.E.____FA:IU JINT E.&E ERENCE .o
R .S » vl OZuNZ _ % ) . —

24l _FQRMAT(* . F3C“ TALS_ (XAIN) . _ . RA I’i‘ 1§ ﬁ ... *

. | : *FAlIkn —1072L ' FO.-; KATIN r’mTE OF ) R
L2007 EARMAT (* . CEMIERLINE RS, i L0 LEQ. _HE ‘LY__ B . Q R « R




il . , . ERJ=TT-16T _
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R 0 IR PSS, — .y of [ SS9 3fZ——I&lha—A+—---FZ+G~——~FT LIvEL--~ l
20T EQEMAT (& CEMISFELTNE - | L2 REAVY LEg *
~ | |__®*L&7 REIN* FR,2 2 MAM/kHF AT % F2.0 % M LEVEL . ™ Y
s 3 :ﬂ _FOEMAT (* (METERS) naj LA . caUugs/M Gelldln. .= _ .
1 ':EUU’I" DU LM FrHA 4 / ) _— .
2504 FOEMAT(* - (FEET) 54 oA e CEUYZM_ _ _CEUNZM > ..
] L *28UY/M ALY/ | FPHM _*_ /. ) B
. g £ :
........ 3* S ARITE ( 2ol CCLZY (OIS (T), S.LAL:.(IJ sSLALER(T) yHRAINCI) p ARAINA(TY o
__._-_J__:_LEAL._LILMM t‘J_;....Z_C.tL_.[ Il,I=14NETF) S
ald o C 1S e B,

“f“ x\f _LA;.E_?.IQ___O__:.\GL ISH B e e o o

B3I JERTEN = VERTEn®3F, 22 : S
. VERTRT = YFPTR1*3,.2¢8 R S A AT A RS RS
YIRTIVN = YERTTY*?,28 .
VERTCZ = NERTNZ*2,28 = R : Pl = S
e WIND = WIND/, LL7 B sty SR
FATKR=RAIM/P25 L :
_ CO_EGE I= L4N0 R S e e
e 2 SES (L) 2SUSSEC(I) /242 G
X(I)=X{1)*3,2% =
PR A k5 & & 8 5. N ; i R——
e C(I)EP(1)%1.6C23% W ROl . -
€95 DIAM(I)=DIAM(I) /2S¢ ‘ : ot e
W _...\.L eld _M=_ | ,_.’::F EF = 5 o R T e S 2ty i
AL RIS = DS o e e ey = - e e
GC TG 343 -y .

i
L2z _SICGF 5 S——— e
END e A e
L
. 5 AR
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____U_-:.Lll"k;..‘:._ALL.‘;'.A' ",SLAL:.J.,JL__*LI A g
e COSHCH/AREASNEHGFREQET G FIEQTU WX CL3) Y (10D, GREADCIZ) ,LLAXLIL), ,‘.NF (& s S
SN 5 O HCQM3gNET G SLa LIy NETFE L TITLE(Z212),DI8 lSu) SURITR g comiccnsnmsions s
.2 EAZ NU™ (19) -
e JTMENSTON_SLa (B) 4 SLACON(E) 4P HL(E) ,M__u_.-n-tt‘l yRA(E) ,D'—'th:) SR,
....... L SLALEL _S0),SLALZI(C 5C) O =
INTIZGE2 UNITS
23 FORPMAT (1HI) - -
~503 FORMAT L FlO4leEF 041 32X,3F 1041 e
SG3 FORMET (LHO)
2515 EORMAT LIXy* SICROPHOME HI o aBF5. 12 MEGIRS BJ/) o e e s e = e
23l FORMAT(IXp* MICROGPHOAE HT . .z*FE.|* FEET® // ) SR PR O—
13002 EQsmET (> GIST FI0N I0TALS (SAIN) PHASE A EHASE 2 EWAS

= Cc__* ) — e LS e S U Y e
13003 _FOR~AT SENTERL INE L2 Lag L8O L‘." .. R
1c ‘) . et v e e e e e

lotie EQFRMAT(® __{MeTEFS) (5BA) (C2a) . (Cee). . (03A). ... LC3 .
1Ay = /) R -
_20)a FQRMLIT(® (FEET) (C34) (SEL) (GEa) (0=4) (03
LAY X 1) e e et e et i
NG22E FOS4sT4* DIST ESQOM TOTA;S _t«\:-"c IN) . PERASE ‘ t “H& :E SI - P l-'f- S_ R
- L1 CJ DHASET A2 PHALSE 32 FHASE G2*x)
Nagze ki Q‘L"h.T ‘.l X_* At _.__..",E!..,..,.F.gq2.;..‘.‘.! ,P& -.2.! FB.?,F‘E. Z,EX ’FZ]._ ik
5227 FUEMAT(L. Lx 2 *CENTER QF _TOWER__HEIGHT _ GRADIZnT. . OIAM. . _ SUBCON®) ..__.
3213 FOIMET (IuX *LTS8 T FROM* $2MAXT MU SUECCNe _NC._CE*)
10303 FORMAT (ISXe* (MZTCERS) ®uX* (METERS) #2X*(KV/CAL2IXA AV 2L) i e
L2509 CCRYATLICX 2 (FEFTY 3LX» (FECST) ¥2XNLAKVLUAYEIXRAINIFLL . . iiimina s ssasimie
LIZls FORMAT (* CENTERLINE L3 LA L=a LE2 L3
SN, |3 M - L33 L5¢ __*) G oo mee o ey
231 EGSHAT(*  (METZES) (034) (D32) . (DRA). .. (03a) ..__. (O ____
13) (DRa) - (233) (022) */) . . )
2501 _FORMET (¥ (EZET) (CSA) (dsa) . toBA)Y. . (DBR).. _ .. A(DB__ . .
RUREN -0 (DBA) SA). (R28)__ */) . L
21 QQO_QJF_L_LLA.UELI&L__LML.LQLAI.Q&S_EQUJJ -t.r:.b“f DJ. ArE‘I :F,_F.u-w‘ULﬁ 'E___._ T
L 1L1) R BB oom o e
NECT=VIRTAM e - = =
o IF(NCOHB.EQe1)GE TO 135 . N
e WRITZ2(2423) ' e e A e S S o i TR 5
e MRITE(S,310383) g e e A N A
£Q 28 L=1,2 e s
20 _WEITE(S42D) CCITLE (LK) gK=1,12) e e
__.__’.l.._E_Jr_a_ AT (IXe)25€) : e e e
WRITE(%,968) e i s
WRITE(Ey LLGRE) I e e Mo ezoeoone




g e B R e et ERJ=T7=167--
Pa.ge 22. ot-}
e WRITE(E4.0.C800) e e o
— TELATTR  FO. 1) SSINT 23549 o
o IF(UNITS.ECe 1) G0 TG 2525 e e
e MRITE(S,1C308) o
= 30 3% T=l4MFk -
_____-4“"f-‘L&,Ltc:u_:ﬂzaumu,x,tn, {I.L..w‘ﬁ..l(ll,-l!-_(ll o ANRCI_ .
23 CORTINUE e o e e e 115
FRIET Jya
~ ERInT 20154 VZAT -
23 CONTINUE - . -
IE(NFH.EQ45) GO 7O J2E s
e MRITELA, LDGE ?l _ . e ceermret
o MRITE(£,13002 . =
. TE(UNTTSEQ. u SRINT 2014
o IF(UNITSWEQe 1) GO _TC. 1&R __ R
e RRIT TS L0 e =
CO_T0 188 .
22300 235 .L-.I.rNF“ I
,_,._.H)!_(I.L X (1)*32.2 . =
Y (I)=Y(1)%3.2% _
e DPIAS(T)=OTAM(I) 25,4 e _ -
FRINT NCGI0E 3 F8 ZNUMCI) o X () oY (1) 2 52ADCT) . 0LAH(T) g ANRAL) _ o
XAI)=X(I)/3. ZF -
L XAI)=Y LI /3425 . o o ) e
e B IAA(T)=DTIAN(T) 225 .5 e - S
235 CONTINUE -
. _FRIMT §G43 _ e s i s S v
v s _-g.m.__VCﬁJ__yn 2‘ = A P | _
SRINT_ 201E,YENT
e NERTEVERT/Z 328 . e e e
GG _TC 3¢ —_ S . S——
JE5 MRITE(Z,18C05)
L WRITE(2,0C0810) | : e = o
e IF(UNITSeENe 1) PRINT 2¢C1I B . L e
o TF(UNITS,.S0, 1) 50 TC 1&®8 . N
e dRITE(E518G1 1) e R R
132 £ONTINUE -
NPT=MNPIF i .
. E0 303 8 = 14NPT = -
D0 a2y __I = |y4k?H - e
_rJ=DI_S (1) e
__F8SQ(I) = (Y(I) -va-'»nuz__+ 9 - X(I))ys>*2
,.&_m(u__:__s_r; FT(=SAQ(I)) e -
£AX = ANE(I)
_IF(XXeLTo=s) GO _TC 75 — e
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it s by
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